DRAFT: DO NOT CITE

REVIEW OF THEMONITORING ENTERPRISE IN
THE SACRAMENTGSAN JOAQUIN DELTA

Delta Independent Science Board
September 9, 2021 (Draft: Do Not Cite)

All links in this report have been created with meaningful text. The Uniform
Resource Locator (URL) is also publish ed to be available as a resource for
those who print the document. The URL addresses that are spelled out in the
document are not active link s to avoid the confusion of presenting duplicate
links.

If you need assistance interpreting the content of the docu  ment, would like
to provide written public comments  or need help locati ng a reference in this
report , please email disb@deltacouncil.ca.gov .

Table of Contents

EXECULIVE SUMMAIY ...uiiiiiiiiiiiii it e et e e e e e e ab e e e 3
1. INErOAUCTION .ttt e e e e e e e e e e e e 8
1.1. Delta ISB Mandate and Scope of this ReView ............cccccieiiieeiiivimnnn 8
1.2 What is Monitoring and Why RevView? ............ccccovviiiiiiiivvimeeeeeeiiinns 11

2. REVIEW MELNOUS ..ot 16
2.1 Component 1 : Monitoring Invent ory and Analysis ..............cccoeee.. 17
22 Component 2: Delit.a..4SBAs..An.al.y.2%

3. SYNLNESIS FINAINGS ...eiiiiiiiiiiiiieee et e e e e e e 28

Question 1. Are there potential gaps or redundancies in serving the
relevant needs of decision Makers? .......cccccoeviiiiiiiiiiii e 30

Question 2. What is the level of coo rdination of data collecti on across
different organizatioNS? ..........coiiiiiiiiiiiiii e 39

Question 3. Are there other opportunities to increase  efficiencies in
[40T0] a1 1 0] 43T PP TP PTPPP 42

Question 4. Is the data quality of monitoring appropriate to address
purposes and Needs for data? .........ccccccciiiiiiiiiiiimii e 46

Question 5. Are data accessible to the public, decision makers, and other
R[] 11 ] £ 49


mailto:disb@deltacouncil.ca.gov

DRAFT: DO NOT CITE

Question 6. What resources are being dedicated to monitoring?  ........... 51
4. Barriers and OPPOItUNILIES  ...covvvvviiieeeeiiiiiiiiimrrrs s e e e e e e e e e e e e e e s e e eees 52
5. Best Practices and Recommendations ...........cccvveeeeieiiieeiiimiiiiiiiieeeeeen 55

Best Practices for Individual Monitoring Programs — ........ccccceevviiiieeennniimens 55

[qToto] 0] 1= a0 =Y 1o ] 1S 62

N[y Y (=T oL PP PP PPPPPPPPPPPPRRRTTN 71
G @] o Tod U1 [0 o OSSP 73
Appendix A. Brown Bag Seminars and Panel Discussions Summaries ....... 75

ComponeNnt 1 FINAINGS .....uuiiiiiiiiiiieeeee it e e 82

Component 2 FINAINGS ...coovviiiiiieiiiiiie et e e e e aaanaas 83

Initial Best Practices and Recommendations .........ccccoceviviiiniiiiiiiimeeeeeeeeee, 92
Appendix B. Monitoring Inventory (Component 1)  .......coovviiiiieiivieviiicim e 98

Table B-1. Metadata attributes and descriptions in the monitorin g

11 Z= (o] Y PP SIPPRPIIN 98

Table B-2. Summary of management drive rs and their alignment with

management themes of relevance. ... 99

Table B-3. Summary of monitoring activities in the inventory  ............... 102
Appendix C. Questionnaire ANAIYSIS .........oovvvviviiiiiiiiiiiiimeee e e e e e e e e aaeeaes 115

OVEIVIBW ..ttt ee ettt e e e e e e e e e e e st amr et et e e e e e e e e e e ettt e e s e e e e as 115

General PErCEPLIONS .........uvuiiiiiiiiiieee s s i e e e e e e e e nnannnanaa 120

Monitoring and Sampling DEeSIgN  .....eeiiiiiiiiiiiiime e 122

Potential Gaps from Inventory AnalySiS .........oooiiiiiiiiiiiiiiiii e 126

Opportunities for Increasing EffiCiENCY ..o 130
Appendix D. Interview Questions and Coding Framework —....................... 134

Prompt Read at the Start of INtErVIEW  .......ooooiiiiiiiiimeee e 136

(@ 11 1S 1 1R 136

CodiNg FramMeEWOIK ......ciiiiiiiiiiie et ime et e e et amr e e e e e et e e e e eaeee 138
ACKNOWIEAGEMENTS ...euiiiiiiieiiiie et e e e e e e e e e e e e e e e eeenean 148
Literature Cited (IN PrOgreSS) .uuuiiiiiiiiiiiiiieeeeeeeiiiimi e et e e e e e e e eenes 149



DRAFT: DO NOT CITE

Executive Summary

In the Sacramento -San Joaquin Delta and Suisun Marsh (the De Ita; Figure 1),
there are numerous examples of how monitoring has helped with decision -
making on water operations, water conveyance, water quality , flood
protection, habitat restoration , or habitat alterations. However, the need to
assess long-term monitor ing in the Delta to ensure it is responsive to
management has been identified through various venues and in initiatives
endorsed by the De Ita Plan Interagency Implementation Committee . To help
address this need , the Delta Independent Science Board (Delta ISB)
undertook a review of the monitoring enterprise, which covers the suite of
monitoring activities or programs that are collected in the region, to assess
whether the information collected from monitoring is meeting the needs of
the management agencies, whether coordination could be improved, and
how monitoring data can support the implementation of adaptive

management. This review helps to implement Delta Science Plan Action 3.3

( Rioutinely evaluate monitoring programs i n the Delta to identify gaps,
redundancies and management relevance j; see DSGDSP 2019).

This review was broken out into two components . Component 1 was the
developmen t of an inventory of monitoring activities in the Delta  that spans
the physical, biological, chemical, geological , and social sciences, prepared by
ESSA Technologies ltd, CBEC eco engineering, and PAX Environmental Inc. in
collaboration with and under the direction of the Delta ISB. It resulted in
three reports:

(1) a lessons and methodology report (Nelitz et al. 2019), which
consisted of a literature review of lessons learned within the Delt  a
along with five other systems (Chesapeake Bay, Great Lakes, Puget
Sound, Great Lakes, Coastal L ouisiana in the United States, and
Queensland, Australia).

(2) a summary report of monitoring  activities in the inventory (Nelitz et
al. 2020a); and

(3) a comprehensive synthesis report  (Nelitz et al. 2020b) , which
assesses the relevanc e of monitoring activities in serving the needs
of decision makers and identifies opportunities to improve
monitoring based on the initial analysis of the inventory.

Component 2 resulted in this fourth and final report, whichisthe Del ta U4SBAs
evaluation and recommendations of monitoring informed by a variety of



DRAFT: DO NOT CITE

sources. These sources are the th ree Component 1 reports and inventory , an
extensive literature review, professional experiences of Delta ISB members,
perceptions on monitoring shared in public comments, results of a
guestionnaire that was sent out to the Delta community that rec eived 34
responses, and 11 interviews with monitoring practitioners in the Delta.

As part of this review 157 unique monitoring activities were catalogued into
an inventory. Of the 157 monitoring activities, 62% (97) are influenced by a
management driver , such as a biological opinion or incidental take permit,
and 44% (69) meet fundamental attributes that represent  high data quality ,
such as publicly accessible data, data collec tion guided by a monitoring
design or sampling protocol, and reliable QA/QC procedures

Although a majority of monitoring activities in the inventory are influenced or
required by a management dri  ver, and a substantial number of monitoring
activities meet several attributes that represent high quality data, 70% (16) of
the 23 questionnaire respondents disagreed that the information collected

from monitoring serves the needs of decision -makers. Several comment ers
from the questionnaire and interviews cited a monitoring -management
disconnect . Most monitoring programs are not desi  gned to sufficiently
answer management questions and have not been designed and/or
implemented with the intent of explicit |y supporting adaptive management

in the Delta .

As part of the review, the Delta ISB identified potential monitoring gaps, such
as chemi cal contaminants, dredging , and non -native species, and
opportunities to improve coordination, efficiencies, data qual ity, and
accessibility to better support the needs of management. Although the Delta
Plan provides useful guidance on decision -making need s, there are no
agreed upon management questions in which monitoring should address to
support adaptive management tha t spans the management areas of water
supply, water quality, flood protection, species, habitat, and land use to
achieve the coequal goals . This has resulted in some fragmentation with how
monitoring is conducted and coordinated in the Delta.

To help imp rove coordination, adaptive management , and how monitoring
could better meet the needs of management, the Delta ISB developed five
best pr actices that should be formally adopted into individual monitoring
programs , and three overarching recommendations tha t are directed at the
monitoring enterprise as a whole
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Best Practices for Individual Monitoring Programs

Overall, the Delta ISB advises that every monitoring program develop a
monitoring plan or road map using the adaptive management framework of
a well-designed monitoring program developed for this review. This would
involve six steps that should be part of any monitoring effort (Figure 3), to
develop (1) the purpose of the monitoring program, (2) the problem

statement , (3) the monitoring design, (4) how the program will be

implemented, (5) how information collected will be used to facilitate learning,
and (6) how the monitoring program  will be revised . The monitoring

program should be underlain by five best practices to help address some
of the challenges and issues with monitoring identified in the review:

1. Monitoring should be closely tied to the goals, objectiv  es, and specific
guestions of interest to managers and decision makers.

2. Monitoring should be informed by stakeholder =~ engagement and
participation if appropriate, including use of alternative forms of data
and knowledge such as Traditional Ecological Knowle dge and
gualitative observations.

3. Monitoring plans should have enough flexibility to take advantage of
new informat ion and opportunities to adapt to issues as new
techniques and technolog ies become available.

4. Monitoring programs must include adequate data ~ management,
analysis and synthesis, and should strive to improve statistical validity.

5. Monitoring programs should ens ure the data are accessible and
shared with the public and other agencies.

Recommendations for the Monitoring Enterprise

Consideration of the best practices or the development of a monitoring plan

by an individual monitoring program would help address some of the

findings related to the disconnect between monitoring and management,

communication, and data quality and accessi bility. However, more

transformative changes are needed to fully address these findings.

Therefore, the Delta ISB makes three recommend ati ons (or J3big move
that could better link monitoring to management , and begin to address

the gaps and opportun ities to improve effi ciencies identified in this report.

These recommendations are:
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1. Developing priority science and management needs and questions for
the monitoring enterprise, and synthesiz ing information around th ese
guestions in biannual reports or at a summit.

2. Reimagining monitoring designs for priority monitoring needs that is
guided by a system -wide conceptual model.

3. Strengthen ing the organizational structure and integration to support
monitoring and adaptive m anagement.

The implementation of the three recommendations are interlinked and

should be guided by the six-step adapti ve management framew ork for
monitoring developed for this review, which could ultimately lead to a
comprehensive monitoring plan for the e nterprise. These recommended
changes will be difficult to implement, but the complexity, urgency, and long -
standing na ture of many challen ges facing the Delta dictate the need to do
things differently. As no single agency could implement all the

recommenda tions alone, the decision on how to proceed with
recommendations lie s with the enterprise as a whole . Through the
questionnaire, the Delta ISB sou ght feedback on these preliminary
recommendations, and found there was strong support for them. To move
forward, the Delta ISB suggests the Delta Stewardship Council - Delta Science
Program form the workgroup, described in Delta Science Plan Action 3.4
(DSCGDSP 2019), that will facilitate monitoring program coordination and
integration to discuss the find ings and recommendations of this review, and
how to move forward with the recommendations.

The invento ry of monitoring activities that was developed for this review will
be a useful tool for implementing thethree 3 b i g meocomméndations by
providing information on what is being done in the Delta and helping with
integration and coordination of monitori  ng. The data and information from
the inventory will be incorporated and made public with the launch of the

Delta Science Tracker in 2022, which will provide a comprehensive tool to
track, visualize, and summarize science activities in the Sacramento -San
Joaquin Delta region . Metadata within the inventory (and consequently the
Delta Science Tracker) can quickly become out of d ate, so we encourage the
community to maintain update d metadata and explore how the Delta
Science Tracker could be ful ly utilized.
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Figure 1. Geographic overview of the Sacramento -San Joaquin Delta
regions, along with the California Basins
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Mon-i-tor

To watch and check a situation carefully for a period of time in order to
discover something about it

The systematic p rocess of collecting, analyzing and using information to track
a programmeANs progress towadidgudeachi ng I ts
manageme nt decisions ?

1. Introductio n

1.1. Delta ISB Mandate and Scope of this Review

By legislative mandate, the Delta Independen t Science Board (Delta ISB)
reviews the adequacy of the science in support of adaptive management for

the Sacramento -San Joaquin Delta (see Figure 1). The Delta Reform Act states
that 3The Delta Undependent Science Board sh
scientific research, monitoring , and assessment programs that support
adaptive management of the Delta through periodic reviews of each of those
programs that shall be scheduled to ensure that all Delta scientific research ,
monitoring , and assessment programs ar e r e v i(WG85280 (&)(3)).
Thus, a review of monitoring in the Delta is a fundamental charge to the

Delta ISB. Previous review s by the Delta ISB covered habitat restoration,

water quality, fish and flows, Delta as place, levees, adaptive manageme nt,
non -native species and the Interagency Ecological Program (IEP) .

Monitoring is central to all of the topics considered in the previo us and

current Delta ISB reviews , and a key componentoftheD e | t a &lhptive A\ s
management cycle (Wiens et al. 2017 ; see Figure 2). However, the need to
assess long-term monitoring programs in the Sacramento -San Joaquin Delta

to ensure they are responsive to management has been identified through
various venues and in initiatives endorsed by the Delta Plan Interagency
Implementation Committee (DSC and USGS2017, DSC2018). Consequently,
the Delta ISBundertook a review of the monitoring enterprise , which covers
the suite of monitoring activities or programs that are collected throughout

! Taken from the Cambridge Dictionary :
https://dictionary.cambridge.org/us/dictionary/english/monitoring

2 Taken from UN Women : https://www.endvawnow.org /en/ar ticles/330 -what -
is-monitoring -and-evaluation -.html
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the Sacramento -San Joaquin Delta and Suisun Marsh (the Delta ; Figure 1). For

this review, a monitoring activity collects data for a specific purpose and

related to a speci fic question , while a monitoring program is a  higher order

aggregation or network of monitoring activities that are co  ordinated to serve

a common purpose for data collection . For example, the California

Department of Fish and Wi bndthe UnikedStates a | | Mi d wa
Fish and Wil dlife SHshManimmdRroglreare a Juvenil e
individual monitoring ac tivities, but they are coordinated through IEP, which

is considered a monitoring program.

Define/
redefine the
problem

Establish
goals &
objectives

Communicate Model Iir!kag.eS
current between objectives &

understanding proposed action(s)

Select action(s):
research, pilot,

synthesize &
y or full scale

evaluate

Design & Design &
implement implement
monitoring plan action(s)

Figure 2. The nine -step adaptive management  framework . Taken from
the Delta Plan (2013) and Wien s et al. (2017), modiified for accessibility.

The overall objective s of the monitoring enterprise review are to review the
state of monitoring in the Delta and to offer = recommendations that may
improve how (1) current and future monitoring programs meet informational
needs of management and policy ; (2) monitoring programs can be better
coordinated; and (3) monitorin g data can support implementation of
adaptive management and assessments of performance measur  es that
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spans the biological, geological, physical, chemical, and social sciences. This
review is the largest review u ndertaken by the Delta ISB.

In this review, we examined the broad array, networking , and coordination of
monitoring programs in the Delta and assess whether they provide the
information needed to respond to the  many challenges and problems in th e
Delta. We also examine how monitoring data are  being used by managers
and agencies to provide accurate and current information to policy -makers.
The intended audience for this review spans the Delta Stewardship Council,
adaptive management practitioners, decision-makers, and entities that us e
monitoring information from the Delta  to plan, conduct, and regulate
management in the Delta , including polic y making . In particular, various
collaborative initiatives have expressed interest in the findings  and
recommendations from this review , including:

1 The Delta Science Funding and Governance Initiative , which builds of
discussions from the 2016 Science Enterprise Workshop and is
assessing whether the current levels of funding and the governance
structure can efficiently meet current and fut ure science need s (see
DSC 2019; Recommendation 2.3: Develop protocols and coordinate
independent, regular reviews to evaluate the effecti  veness of
monitoring, following the completion of the Delta ISB reviews); and

1 The Water Resilience Portfo lio, which co ntains a suite of actions to
prepare California from water supply challenges, such as extreme
drought and floods, and rising temperature s (see CNRA et al. 2020;
Action 23.2: Improve Delta monitoring efforts based upon  Delta
Independent Science Board recomm endations).

1 The 2019 Delta Science Plan, which provides a framework for
coordinating and communicating science activities (see DSGDSP 2019;
Action 3.3: Routinely evaluate monitoring programs in the Delta to
identi fy gaps, redundancies and management rel evance);

This report complements our review of the IEP, which is a major  coordinator
of monitoring and scientific activities in the Delt a. That review takes a
broader overview of Delta ecological science, while also giving more attention
to IEP as a program with its own organizational structure.  In contrast, the
monitori ng enterprise review |ooks into the monitoring activities that are
coord inated by the IEP along with those that are no t.

10
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1.2 What is Monitoring and Why Review?

As described in the definit ions at the beginning of this review, monitoring
entails measuring something to grasp what is happen ing. But scientific
monitoring is more than that; it is a systematic process that is conducted

with certain objectives and outcomes in mind.  There are a num ber of formal
and informal definitions of monitoring. We adopt an adaptive management
framework of a well-designed monitoring program that is guided by six steps
that should be part of any monitoring effort (Figure 3).

# Step in monitoring program Y 1. Define purpose
[+ Keyactions of monitoring
program

* Decide on monitoring goals 2. Frame the
o To understand system *

6. Revise monitoring | © To decide how, when & SENEChIE T
: where to act .

program o To assess outcomes of
actions
o To answer questions

* Define problem & questions
= State hypotheses & objectives
that capture stakeholders’ values

* Review & revise monitoring

system o To assess baseline * Sketch conceptual model &
* Update models & status and trends adaptive management needs
techniques * Set space & time scope

* Specify management or policy
options & legal constraints

* Implement strategies to
enhance goal achievement

3. Design the
monitoring

* Compare results to hypotheses . program

* |dentify gaps & uncertainties

* Receive & evaluate input from
stakeholders

= Assess value to decision makers ’

* Translate conceptual model
into quantitative form

* Determine what to measure

* Specify how, where, when,
frequency, & duration of
measures & cost

* |dentify the sampling, quality

assurance & control, analysis, &

data management system

* Formalize & review sampling

protocol }

4. Implement

* Collect & manage data

* Analyze & disseminate information

* Report results to diversity of
stakeholders

* Communicate outcomes

Figure 3. Framework for monitorin g is based on the road map in Reynolds et
al. (2016) as well as concepts inherent to adaptive management,

Each of the six steps of the mo nitoring program requires actions and
decisions as shown in the framework (Figure 3) and detailed in the following
sections. Because the objective s, sampling technology, and scientific
understanding can change as the monitoring proceeds and new information
becomes available, the program is depicted as a cycle. While some steps can
be initiated sim ultaneously, finalization of later steps depends on completion

11
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of the prior steps. Hence, iterations within and among the steps can occur as
a step is influenced b y new information. And the entire circuit may be
reinitiated if the monitoring  objectives are adjusted in view of chan ging
conditions, priorities, or available information.

Step 1. Defining the purpose of the monitoring program requires clarity
about the p lans and goals for the activity. The intent might be to understand
the system; to decide how, when, and where to take actions; to assess the
outcomes of actions; to answer questions; or to assess baseline status and
trends.

Step 2. Framing the problem inc ludes several components. First, the
management problem should be clearly defined and key que  stions set forth.
As part of the adaptive management process, hypotheses and objectives
should be specified that reflect the diverse values of stakeholders. Sketch  ing
out a conceptual model requires a graphical representation of the key
components that inc ludes interactions within  the system and depicts how
adaptive management needs might be addressed. Setting the temporal and
spatial boundaries for monitoring requi  res that the extent and duration as
well as the frequency and density of monitoring be specif  ied. Identifying
boundari es can be challenging, particularly if the products or wastes are
exported outside the system. The final part is to identify management or

policy options as well as any legal constraints.

Step 3. Designing the monitoring program mu st be based on science an d
take into account the purpose of the monitoring program (step 1) and how

the problem is specific (step 2). The design step requires that  the conceptual
model be translated into a quantitative form. The monitoring design includes
the metrics (what will be measured), the methods (how will the
measurements be taken) and the sampling design (  where, when, and the
frequency & duration of measure s). The cost of the monitoring program
should be part of this process and often the cost of monitoring restricts what
can be implemented. The design also includes the sampling regime, quality
assurance and control, analysis, and the system for data managem ent. A
final component is formalization of the sampling protocol. When possible,

this scheme will benefit from a scien tific and statistical review before
implementation.

Step 4. Implementation of the monitoring program is straightforward if the
prior step s have been followed. The implementation step includes the

12
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collection and management of data according to the establis  hed protocol as
well as analysis and disseminate of information. Results should be reported

to diverse stakeholders in a manner that best  suits their experience,
knowledge, and modes of communication. Communication of outcomes

from the monitoring program s hould highlight effects and potential
consequences of current activities in the system and anticipated changes.

Step 5. Learning from the monitoring program is a key part of adaptive
management. First, the results should be compared to hypotheses so that
the initial theories can be accepted, rejected, or (as is frequently the case)
modified based on the new information. Gaps in knowledge and
uncertainties should also be identified. The information learned can then be
conveyed to stakeholders for their evalu ation. The learning should be
communicated to decision makers with a request to assess it value.

Step 6. Revising and updating the monitor ing program is the final step.
Information about the knowledge gained, gaps, uncertainties, and value of

the monitorin g program to decision makers should guide the revision.
Furthermore, models and techniques may need to be updated based on the
learnings f rom the monitoring program, new information, new pressures to

the system, anticipated changes, or advances in sampling procedures. These
revisions may improve strategies to enhance goal achievement.

The monitoring program cycle is used as the basis and guide for developing
recommendations in this review . Fundamentally , monitoring provides data
that serve as a foundationf or a Ysupply chainA of scientif
flows from knowledge producers to knowledge consumers (e.g., see Lemos

et al. 2012). Long-term monitoring or studies provide insight on how the
ecosystem changes over time and help differentiate between shor  t-term and
long -term variability (e.g., Wolfe et al. 1987; Bograd et al. 2003; Lindenmayer
et al. 2012; Hughes et al. 2017). Information obtained from long -term
monitoring has the potential to help anticipate problems before they occur.
This process occurs as data are collected, quality controlled, stored, distilled,
and synthesized into different knowledge products that add val ue at
different points in the chain to serve the varied needs of different audiences
(e.g., Wiens et al. 2017).

Many in California have noted the imperative and need for improving
monitoring and decision making in the Delta. Policy makers, managers,
scientists, and resource users working in the region are faced with a

13
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complexity of interrelated issues that will only beco  me mor e difficult to
address in the future (Hanak et al. 2012; Luoma et al. 2015; Healey et al 2016;
DSC 2018a; 2018b).

The monitoring ent erprise in the Delta spans across many disciplines in the

physical, chemical, geological and biological sciences and e xtends into social

science as well. Successful programs provide critical information needed for

management decisions in the Delta. In addi tion, monitoring is essential in the

Jpl an, do, adjusti} cycl leorexdmple chengotingv e managen
data cou Id be used to inform both the design of an engineering project (e.g.,

a fish ladder) and be used to test the functionality of  the project.

Monitoringy covers a wide range of activities an
level, monitoring activities in the D elta can be categorized as compliance

monitoring and environmental monitoring, although these categories form a

continuum reflective of th e monitori ng purpose . Compliance monitoring is

required explicitly or implicitly by law and is intended to assess whet her

activities meet the specific requirements of regulations, permits, or licenses.

Compliance monitoring is designed to deliver inputs, o utputs, and

sometimes outcomes regarding the consequences of actions that are

prescribed. Complian ce monitoring may ha ve varying degrees of legal

flexibility and specificity.

Environmental monitoring is directed toward obtaining the data necessary to
evaluate the condition of or changes in environmental factors of interest:
pollutant levels in water, abundances of endang ered species, presence of
non -native invasive species, soil condition, and so on. Roni et al. (2013)
recognized several functional purpose s for monitoring environmental
variables: baseline, status and trends, implementation, effectivene  ss, and
validation.

In fact, attempts to pigeon hole monitoring efforts into one or another

category are likely to obscure some of the ways in which monitoring varies.
First, the /evel of specificity of what is needed in a monitoring program s
highly varia ble and depends on t he audience (Nelitz et al. 2019) . For example,
a recovery plan developed through a broad engagement process may

articulate a goal to resto re tidal wetland habitats. A modeler may articulate a
need to assess the impacts of wetland restor ation on Delta flows , water
levels, water quality, ecosystems, and Delta fish communities. A program
manager may be interested in monitoring the acreage of ex isting or restored
habitat types as a measure of program success, whereas a scientist may be

14
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inter ested in understandi ng how tidal wetland restoration leads to sustained
changes in vegetation architecture and plant species composition. Each of
these casesrelate s to a common need for decision -making (e .g., tidal
wetland restoration) but describes the n eed in a different w ay requiring a
different level of specificity. In the Delta, Jones (2014) highlighted such
differences in terms of communication needs, as have those involved in
reporting data as part of routine natural resource management (Fancy et al
2009) and water qu ality monitoring and reporting in the Bay -Delta (CWQMC
2008).

Second, the specific questions of relevance to decision makers and scientist s

are different (Nelitz et al. 2019) . Nichols and Williams (2006) differentiate d

bet ween J3monitoringatfioonjactii ve. comsmrirt oring
discriminating among competing hypotheses about effective conservation

actions) andf g@gmosnditenmdejg (i . e. , monitoring w
studying specific attributes , relationships , or hypotheses to improve

predictions and understanding of the system). Questions or hypotheses that

reflect uncertainties about the system, and hence serve as a mot ivation for
monitoring, can be distinguished into J3scien
Jmanagement unloadapti eeimanagement programs elsewhere

(e.g., Missouri River, Fischenich et al. 2018), such a distinction enables

decision makers to focus on th ose uncertainties that are most relevant to

them and scientists to focus on prio rity research efforts.

More broadly, t he 3 D e kentegorise , ¢f which the monitoring enterprise is a
major part, involves two major components: a management enterprise and a
science enterprise (Nelitz et al. 2020a) . The science enterprise includes a
spectrum of knowledge produc ts ranging from targeted research and field
studies, monitoring activities, quantitative models,  analyses, data portals,
knowledge syntheses, science plan ning tools, and monitoring and

assessment frameworks. Monitoring activities have linkages and provide
fundamental valu e to most of these products within the science enterprise,

but not all of these knowledge products represent monitoring. In addition,
space-time resolutions involved in monitoring differ from case to case.

The management enterprise i ncludes many interrelat ed goals; legislated,
regulatory, and operatio nal authorities; management actions; and policy
issues or questions that set the management context for the Delta and
dictate the need for knowledge products from the science enterprise,
including monitoring.

15
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Monitoring data are foundational to the process of adaptive management,
which has been highlighted by the Delta Reform Act of 2009 as an essential
component of management in the Delta.  In combination, monitoring and
adaptive management st r engt he noft hsethgpdighicntieal
knowledge gaps, the actions over which decision makers have some control,
and the ability of scientists to lear n about the system that managers are
trying to influence. Adaptive management provi des a systematic structure for
focu sing on critical uncertainties of decision makers, implementing
management actions to help resolve those unknowns (ideally using

principle s of experimental design), and then using rigorous science (including
monitoring) t o evaluate and learn about the effe ctiveness of those
interventions (Meyer 2013; Waylen and Blackstock 2017; Wiens et al. 2017).

2. Review Methods

Although there are useful inventories of monitoring activities in the  Delta,
such as the Bay-Delta Live or the California Data Exchange Center , there was
not a co mprehen sive inventory of all monitoring activities that span the
physical, chemical, biological, and social sciences in the Sacramento -San
Joaquin Delta and Suisun Marsh (the Delta) in which to assess the monitoring
enterprise . As a result, there was a need to de velop a comprehensive
inventory of monitoring activities for the  Delta, and this Delta ISB review was
broken out into two components . Component 1 (2018 to 2020) focused on
the development of a monitoring inventory and developing initial insights
surroundin g monitoring in the Delta, which was prepared by ESSA
Technologies Ltd., CBEC ecoengineering , and PAX Environmental Inc (the
Project Consulting Team) under the direction and collaboration with the

Delta ISB. The Project Consulting Team was selected after two Request for
Proposal s from the Delta Stewardship Council , where Delta ISB members
were involved in the scoring of proposals .

Component2 i s t he Delta USBAs evaluation and
monitoring activities informed by an analysis of results obta ined in

Component 1 , questionnaires and interviews with monitoring practitioners in

the Delta, literature reviews, and the professional experiences of Delta

members with monitoring in the Delta and elsewhere

Prior to the onset of the review, the Delta ISB also organized t hr ee 3 Br own
Bag Seminarsji and f ifrane 20h7aton 2018 toddars about s i on s
the state and scope of monitoring in the Delta, and the current challenges
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with monitoring (see Appendix A). The topics covered included tidal wetlands,
water quality, invasive weeds, IEP,and regional programs. These seminars
and panel discussions provide d useful infor mation to identify monitoring
activities for the inventory and helped identify =~ some initial best practices that
monitoring activities could consider to improve its effectiveness that was
further analyzed during the review.

In addition, a monitoring worksho p was held on April 30, 2019, in
Sacramento, California that was attended by 60 representatives from various
organizations to explore the ir hopes and concerns they had for the

monitoring enterprise review and to help inform the development of an
inventory (see ESSA et al. 2A9). Based off the feedback received from this
workshop, the review focused on the following questions to help assess how
current monitoring programs meet management needs and how they might

be coordinated or modified to improve their re  sponsiveness to

management .

1. Are there potential gaps or redundancies _in serving the relevant needs
of decision makers?

2. What is the level of coordination of data collection across different
organizations?

3. Are there other opportunities to increase efficienci _es in monitoring?

4. Is the data quality of monitoring appro priate to address purposes and
needs for information ?

5. Are data accessible to the public, decision makers, other scientists , and
all stakeholders ?

6. What resources are being dedicated to monitoring?
2.1 Component 1 @ Monitoring Inventory and Analysis

Based on the above questions, the Project Consulting Team with direction
and in collabora tion with the Delta ISB completed the first component of this
review, which involved undertaking a comprehensive inven  tory of the
physical, chemical, biological, geological, and socio-economic drivers of
monitoring activities across the Delta and summarizi  ng how these activities
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are addressing the needs of decision makers. It resulted in three reports that

make up the ove rall Monitoring Enterprise Review , along with this report :
1. alessons and methodology report (Nelitz et al. 2019),

2. the development of the monitoring inventory da tabase and a subsequent

summary report of monitoring activities in the inventory (Nelitz et al.
2020a), and

3. acomprehensive synthesis report (Nelitz et al. 2020 b), which assesses the
relevance of monitoring activities in serving the  needs of decision maker s

and identifies opportunities to improve  monitoring based on the initial
analysis of the inven tory.

Although the full methodology and results can be found in these three
reports , we briefly summarize the methodology and  results in t his report to
provide context for the Delta USBAs

2.1.1. Previous Reviews of Monitoring and Literature Reviews

To help inform the review methods and the recommendations, a literature
review using a Results Hierarchy (or logic model framework) as the structure
for categorizing the information (Gates Foundation , no date) was done to
gather insi ghts learned from other systems, a s well as the Delta itself. The
selection of case studies was focused on includin g, to the extent possible,
large -scale monitoring programs in complex, highly managed delta
ecosystems primarily withi n North America that have also applied adaptive
management to varying degrees. The final selection of case studies was
guided by the Delta ISB. These five case studies included: (1) Chesapeake
Bay, (2) Great Lakes, (3) Coastal Louisiana, and (4) Puget Sound in the United
States, as well as (5) Queensland, Australia.

Results from this literature review are summarized in Nelitz et al. 2019.
2.1.2. Inventory Development

Undertaking an inventory of the monitoring enterprise required clarifying the
scope of mo nitoring activities , which involved developing a structure for
organizing metadata about monitoring activities.  Based on the literature
review (see Section 2.1.1.) and feedback from the Monitoring Enterprise

Workshop (ESSA et al. 2019) an organizati onal framework was developed to

represent the monitoring parameters that were within scope of this review.
The intent in developing this framewo rk was not to represent the full
complexity of cause -effect linkages among all components in the Delta.
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Rather, it depicts broad linkages between management actions and
environmental drivers / conditions, habitats, and species of interest to
decision maker s, scientists, and stakeholders in the Delta, as well as the
direct socio -economic drivers of ecosystem change.

Regarding the temporal horizon of monitoring activities, the intent of this
review was focused on inventorying ongoing / active monitoring activ ities
rather than historic , now defunct monitoring. The intent will be to focus on
monitoring activities for whi  ch data have most recently been collected within
the previous 5 years (i.e., at least once since beginning of 2014) and for which
it is anticipa ted to occur again within the next 5 years (i.e., before end of
2024).

This research included monitoring activit ies that relate to all monitoring
themes and parameters in Figure 4 with a focus on monitoring activities
within the legal boundaries of the Del ta and Suisun Marsh (Figure 1).
However, it is widely known that the Delta is strongly influenced by upstream
and down stream influences. As such, upstream and downstream linkages
were considered where appropriate for many of the parameters identified
above. In many cases, however, statewide or national scale monitoring
activities included sampling locations within a nd out side the Delta. To
represent the spatial coverage of such activities, the hydrologic unit code
(HUC) boundaries for the state were used to  assign sub-basins where
sampling locations were located for an activity (see  Figure 1).

The monitoring inventor y was designed to collect metadata about
monitoring activities within scope of this review  (see Appendix B, Table B-1
for the metadata collected in the inventory). Monitoring activities that were

within scope of the review were identified through the liter ature reviews, the

Monitoring Enterprise Workshop (ESSA et al. 2019) the brown bag

panels/panel discussions, and additional searches on the Int  ernet. Metadata

for the inventory was collected through Internet searches, and when
information was missing, mon itorin g programs were contacted by email or
phone call to help address the questions. Quality assurance and control of
the metadata were ongoing throughout the review process, but most of the
information collected was last updated in March 2020.

a
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2.1.3. Inventory Analysis

Methods for answering the six broad review questions are described in the
subsections be low and are described in more depth in Nelitz et al. 2019.

Are there potential gaps or redundancies in serving the relevant needs
of decision m akers?

For the purposes of this review, gaps are monitoring parameters where there
is not sufficient temporal an d/or spatial cov erage to address specific
guestions , while redundancies are potential areas of overlap in temporal
and/or spatial coverage to answer specific questions. Determining gaps and
redundancies in monitoring requires understanding the science or
management questions in which information collected from monitoring

should address, and the specific monitoring parameter , as the temporal and
spatial coverage varies depending on the paramet er.

Overall, the d esired outcome for the Delta is based on achievi ng coequal
goals of providing a more reliable water supply for California and protecting,
restoring, and enhancing the Delta ecosystem, which ne eds to be achieved in
a manner that protects and enhances the Delta as an evolving place (CA

Water Code Section 85054). However, there is not a consolidated description
of the management context , decision -making needs or specific questions for
adaptive ma nagement in the Delta .

Understanding the management context is necessary to help assess whether
monitoring is se rving the needs of decision makers. To address this gap, the
Delta Plan (DSC 2013) Delta Science Plan (DSGDSP 2019), and Science Action
Agenda (DSCGDSP 2017)were used as the basis for identifying common
management themes and actions, since these documen ts guide science and
decision makinginthecontext of t he Del t a AsThraughehgsu a |
process, seven management areas were identified t o help inform the review.

1 Water Supply Management  z Decisions that influence how water
resources affect the Delt a and its users. Such actions include water
operations, water storage, water demand, water conveyance /
infrastructure, and groundwater protecti  on and management.

1 Flood Management z Decisions that influence how flood waters are
managed affecting ecosystems , people, and property in the Delta.
Such actions include construction and operation of flood  -control
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structures; protection and expansion of fl  oodways, floodplains, and
bypasses; and subsidence reversal.

1 Habitat Management  zDecisions that influence how t errestrial,
riparian, and aquatic habitats a re managed within the Delta. Such
actions include restoration, protection, and the use of flows and
habitat to improve ecosystem conditions.

1 Native Species Management 7 Decisions affecting the abundance of
nativ e aquatic or terrestrial -animal or plant spe cies relevant to the
Delta. Such actions influence incidental take or mortality (e.g., at fish
screens and water intakes), harvest (e.g., recreational harvesting of fish
and wildlife), and population enhancement  (e.g., through hatcheries).

1 Invasive Species / Non -native Species Management 7 Decisions
affecting the population abundance and habitats of invas  ive / non -
native species in the Delta. Such management actions include
preventing introductions, avoiding creati on of favorable habitat
conditions, and cont rol populations (e.g., harvest, culling, biocontrol).

1 Water Quality Management Z Decisions affecting surface and
groundwater quality within the Delta. Such actions include wastewater
management (e.g., effluent re capture, recycling, and treatment of
wastewa ter), pollution discharge controls (e.g., pyrethroids,
methylmercury, CECs, pesticides, nutrients), and their adverse events
on aspects of water quality in the Delta (such as dissolved oxygen,
turbidity, salinity , and harmful algal blooms or HABS).

1 Land Use Management (Delta as an Evolving Place) z Decisions
affecting terrestrial land designation, use, a nd cover within the Delta
(e.g., urban, agricultural, and natural / protected areas). Such
management actions in clude land zoning, designation, conve rsion, and
ownership, as well as land use.

The management context provides some insight on decision  -making needs
and helping to determine monitoring gaps and redundancies. However, we
did not attempt to develop an agree d upon list of questions that informa  tion
from monitoring should address.

To help understand the spatial and temporal coverage, 3 moni t orisng need
profiles}y were developed for each of the sev
identified above (Nelitz et al. 2020b). A list of monitoring parameters within

each management theme were identified based on a review of i mportant
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drivers of management wit hin the Delta, i ncluding key plans, strategies,
biological opinions, and related legislation (see Appendix B for a list of
manag ement drivers) . Afterwards, the monitoring inventory was queried to
produce summary plots for each monitoring parameter  within e ach
management t heme, which included the total number of sampling activities ,
the relative distribution of those activities acro  ss Delta regions (e.g., south
Delta, north Delta; see Figure 1) , sampling frequency classes (e.g., 15-minute
intervals, hourly, daily, weekly), and across sampling program durations.
These metrics help to provide a n overview of the general spatial and

temp oral coverage of monitoring parameters important for decision -making
across a range of management contexts and lend themselves to high -level
interpretations of possible patterns in gaps and redundancies. However, the
coarse resolution of this analysis d id not lend itself to drawing detailed
inferences about whether monitoring is occurring at exactly the right times

or p laces to meet management nee ds. Instead, the results of this assessment
were a starting point to identify potential gaps and redundancies . Additional
analysis of gaps and redundancies was assessed in Component 2.

What is the level of coordination _ of data collection across different
organizations?

Network analyses were used to provide insights  on the level of coordination

A network analysis i s a quantitative approach and visualization method that
can reveal and analyze patterns of relationships across diff erent components
of a system, including individuals, organizations, ecosystem components, and
management objectives for conservation and mon itoring ( see Nelitz et al.
2020). Organization names, roles, and monitoring themes  were extracted
from the monitoring inventory and used to deve lop network diagrams,
calculate network and node metrics , and ultimately explore the level of
coordination acros s monitoring activities in the monitoring enterprise.

However, these analyses do not provide an indication about what type of
network may be mos t desired or ideal for the monitoring enterprise  since
that determination is based on a value judgement . Additio nal engagement ,
which occurred during Component 2, was used to  identify specific
opportunities for positive ly influencing coordination among org anizations
involved in monitoring

Are there other opportunities to increase efficiencies in monitoring?

The inventory was used to calculate the number of monitoring activities
collecting data for each monitoring parameter. The metadata information in
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the inventory was reviewed for monitoring parameters that had the most
monitoring activities, such as water quality, fish, waterfowl, and habitat, to
gualitatively identify potential opportunities to improv e efficiency and
reducing redundancies , with a focus o n considering improvements to data
management, sampling methods/approaches, and monitoring design

Is the data q uality of monitoring appropriate to address purposes and
needs for information ?Are data accessible to the public, decision
makers, other scient ists, and all stakeholders 7?

Based on an extensive literature review, the following data attributes were
common a pproaches for assessing both dat a quality and accessibility (US
EPA 2006; Kahn et al. 2012; DAMA UK 2013; Pickard et al. 2015):
1 Purpose: Do the data and monitoring meet the intended goals and
criteria of the study in which it was collected?

1 Monitoring guid ance: Were the methods used to obtain data well -
described and represent best practices (e.g., following established
sampling protocols or monito ring design)?

1 QA/QC: Have the data been reviewed to ensure they are correct,
reliable, and free of error (e.g., independently reviewed, inter -
compared, published, QA/ QCAed) ?

1 Timeliness: Do the data represent reality at the required point in time
(e.g., real-time, weekly, annually updated)?

1 Public accessibility : Are the data readily accessible (e.g., open source)?

1 Machine readable : Are the data pr ovided in a machine readable
format ready for analyses?

1 Uncertainty : Does the data include quantitative estimates  of variability

(e.g., 95% confidence intervals)?

To assess the data quality of monitoring activities in the inv  entory, each
monitoring activit y was queried on whether it followed monitoring guidance
(yes/no/unknown) , had QA/QC protocols (yes/no/unknown) , reported
uncertainty (yes/no/unknown) , and whether reporting was timely ( reported
in >1 year, < 1 year, or unkno wn). This provides information of what is the
data quality, but not whether if it is appropriate to address information
needs, which was evaluat ed in Component 2. To assess data accessibility,
each monitoring activity in the inventory was queried on whethe r it was
accessible to the public (yes/no/unknown), machine readable
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(yes/no/unknow n) and whether reporting was timely ( reported in >1 year, < 1
year, or unknown ).

What resources are being dedi cated to monitoring?

Insights about the resources being dedicat ed to monitoring were developed
by summarizing the information about cost (i.e., start up and annual costs)
and effort (i.e., number of sample s ites within the Delta) for each monitoring
activity in the inventory.

22 Component 2.Del t a 4YSBAs Anal ysi s

Component 1 provided important insights about potential gaps and
redundancies (scope, parameters, spatial and temporal coverage) |, the level
of coor dination , and opportunities for improving efficiencies (see Nelitz et al.
2020b). However, additional analysis w as needed to understand the
management context in which to make recommendations, understand the
constraints and challenges for making recommenda tions, and understand
perception s of monitoring and how it aligned with the inventory analysis.
Analyses for Com ponent 2 were based off information obtained from
Component 1, questionnaires, interviews, literature reviews, and the Delta

U SB me mb e refces wathxnporitoring.

2.2.1. Questionnaire Analysis

The Delta ISB released a questionnaire to the Delta communi ty to seek

feedback on Component 1 findings and recommendations , which were

based on an initial analysis of the Delta monitoring inventory. 3 The purpose

of the questionnaire was to help refine the findings and recommendations

from the Component 1 analysis and to help identify areas for further

analysis. Respondents were presented with 19 statements that were based

on findings or recommendations from Component 1 (see Nelitz et al. 2020b).

Respondents were asked to indicate the extent to which they disagreed  or

agreed with each statement on scale ranging from 1 (strongly disagree) to 5
(strongly agree). They wer e dolnstk ngiwven t he

3 A copy of the online questionnaire _ can be found at:

http s://docs.google.com/forms/d/e/1FAIpQLSAWKTAHwWHhO -
dIGYsZ1Z0UJSYqlAKQUWIOWTh7ej6KsioOkxzQ/viewform . Detailed results
from the questionnaire can be fou nd in Appendix B.
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Each statement had a write -in text option where respondents could explain
or elaborate upon their nu merical response.

The questionnaire , which was available from May 21, 2020, to June 5, 2020,

was distributed to 60 participants from the 2019 Monitoring Enterprise

Review Workshop (ESSA et al. 19), which helped inform the scope of the

inventory and anal ysis. The survey was also distributed to the IEPmailing list

(215 recipients) and the Delta Stewardship Council listserv (2,862 recipients).

We cannot precisely quantify the number of individuals who  had an

opportunity to take the questionnaire because there was some cross posting

among emailing lists, and the survey was also available on other platforms,

including the Delta wtheswared samidp MaovuemcAisl MNsot e |

A total of 34 individual s responded to the questionnaire . While insights
provided by this sample are interest ing and informative , they cannot
necessarily be ge neralized to represent the views of any larger Delta
population due to the small sample size and non-random survey distribution
methods . Results of our data analysis are provided in Appendix C.

In results below , we provide summary statistics (counts and percentages)

associated with each statement. In all cases, response s of agree and strongly

agree (4 or5) were combined i nt o Jam@rede r esstronglg es of
disagreeoragree(1 or 2) wer e gr ouplewmericidat o 3di sagr ee
response of 3, the midpoint of the scale, was interpret ed as neutral and

omitted for purposes of analysis. For this reason, the total number of

responses varies from statement to statement.

Write -in respo nses were analyzed qualitatively to identify and  distill key
takeaways and major themes.

2.2.2. Interviews

The Delta ISB conducted 11 semi-structured interviews with scientists and
managers who either have knowledge of and experience with monitoring in
the Delta; and/ or whose agency has management responsibilities that could

be informed by monitoring.  Interviewees included representative s from State
(n=4), Federal (n=2) and local agencies (n=2), as well as a consulting firm ( n=1)
and a non -governmental or ganization (n=1). They were selected to cover
interests aligned with the range of management themes that were identified

for the review (see Sec tion 2.1.3).
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Questions were sent to interviewees in advance (see Appendix D for the
guestions ), with follow -up and clarifying questions incorporated as needed
All interviews were recorded and transcribed for purposes of analysis.

Interview data were anal yzed using the methods of qualitative content
analysis (Cho and Lee 2014). An analytical framework was developed to
organize and categorize interview content pertain ing to the following
thematic areas: current and future management needs ; monitoring gaps ,
including barriers to and suggestion s for addressing gaps; ideas about
improving monitoring for adaptive managem  ent; and monitoring
coordination needs, including to barriers to and suggestions for addressing
these needs (See Appendix D).

For some of these thematic areas, we employed a deductive coding approach
in which interview text was sorted into a discrete set of potential ideas or
responses z coding categories - which were pre-defined and assigned
alphanumeric labels in the analytical framework (Cho and Lee 2014 ; see
Appendix D). Coding categories were derived from findings in Component 1 .
Recognizing that inte rviewees were not restricted to comment only on
material covered in Component 1, for
were also created to capture responses or ideas not explicitly identified in

the analytical framework. For each interview, text that fitinto any given
coding category was tagged with the corresponding alpha -numeric label (i.e.,
in the margin) . After each transcript was coded, results were tabulated in an
Excel spreadsheet by assigning 1 to each coding category that was present
(i.e., mentioned at least once in the interview) , and assigning O to all other
categories. If a coding category could not confidently be Ilabelled presen t in
or absent from an interview, a numeric value of 97 was assigned , as a flag for
more detailed analysis (see below)

For the other thematic areas there was no reasonable way to anticipate
potential responses and pre-define discrete coding categories . Therefore,
text relevant to these areas was highlighted and moved to a separate
document . Subsequently, an inductiv e coding approach was used to identify
themes and patterns that emerged directly from the interview data  (Cho and
Lee 2014).

Given limitations i n time and capacity, coding responsibilities were shared by
two analysts. Each analyst was assigned a subset of thematic areas and
coded interview transcripts independently.  After all interviews were coded,
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the analysts held a series of meetings to review and resolve coding
categories assigned 97 for each interview. Final coding decisions reflect
consensus among bot h analysts.

Coding results were quantitatively summarized and qualitatively synthesized .
These results provided context on barriers, constraints , and challenges
pertaining to efforts to improve the monitoring enterprise . They also
provided additional manag ement context to help inform the Delta ISB in
formulating its recommendations .

Lastly, interviewees were asked to complete an optional survey t o provide
feedback on the initial best practices (see Appendix A). Feedback was used to
refine best practices in to the final versions presented in this report.

3. Synthesis Findings

The monitoring inventory (Component 1 of this review) include d 157 unique
monitoring activities, with 170 sampling activities at over 4,000 sampling
locations representing 128 unique mo nitoring parameters (all of the
monitoring activities in the inventory are found in Nelitz et al. 2020a and
Appendix B). Of the 157 m onitoring a ctivities, 97 (62%) are influenced by a
management driver. The top five most referenced drivers are the Clean

Water Act: Section 303(d), California Fish and Game Code, Water Right
Decision 1641/Water Quality Control Plan for the San Francisco
Bay/Sacrament 0-San Joaquin Delta Estuary, Federal Endangered Species Act,
and the biological opinion on the long -term operati ons of the State Water
Project and Central Valley Project from the United States Fish and Wildlife
Service.*

There are many examples of how long-term monitoring programs in the
Delta has informed management In the Delta, long-term monitoring has
provided i mportant information on the status of trends of various species,
which has been used to support the listing of a species under the federal or
State Endangered Species Act (e.g., longfin smelt ; see CDFG 2009) or the

4 Note that the development of the inventory was  undertaken when the 2008
and 2009 biological opinions were in effect for the long  -term operations of
the State Water Project and Central Valley Project, along with the 2009
incidental take permit for the State Water Project.  Results were generally
cross checked with the new biological opinions and incidental take permit.
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delisti ng of a species (e.qg., splittail; see USFWS2003; Sommer et al. 2003 ),
and to track the overall health of the Delta  based on the Delta Plan
Performance Measures. It can also hel p with the detection o f new non -native
or invasive species that enter the Bay-Delta system, such as the overbite
clam in 1986 (e.g., see Carlton et al. 1990).

Outside of status and trends, long-term monitoring data can be analyzed
through stat istical methods t o create or inform policy. For example, Jassby et
al. (1995) analyzed long -term flow and ecolog ical data to introduce the X2
concept, where salinity in the estuary that measures 2 parts per thousand

has a positive statistical relationship to various estuarine resources (e.g.,
phytoplankton , larval fish survival). The concept was adopted as a regulat ory
standard under Water Right Decision 1641, where flows in the Delta are
managed to meet X2 requirements at various time s of the year (SWRCB
2000).

Although more than a majority of monitoring activities in the inventory are

influenced or required by a management driver (e.g., a biological opinion)

and there are many examples of how long -term monitoring informs Delta

management , questionnaire re sults indicate that 70% disagreed that the

J Ov e rciarént information collected from monitoring serves the ne eds of

deci si on makers and st akdebedigwes;26% acr oss t he
agreed, 4 % don AtN=Bnddd i t i onal | v, catasraemnagzedk ed i f 3
and synthesized in a way that enables manag ement decisions, i 61 % of
guestionnaire respondents disagree d (22% agreed,17% disagreed; N=23; see

Figure 5). Respondents indicated that synthesis is not well -connected to

management decisions or communic ated in an accessible or timely manner

to those who n eed the information. Data analysis needs improvement to

adequately address management needs.

Several comment ers from the questionnaire cited a monitoring -management
disconnect, so that even in cases whe re a great deal of resources are
dedicated to monitoring species of concern, including  Chinook salmon and
Delta smelt, most monitoring programs are not designed to  sufficiently
answer management questions and do not collect essential detailed
information s uch as habitat use and life stage information. The monitoring
enterprise was also critiqgued for not being nimble  enough to respond to
rapidly changing management needs, an d for emphasizing long-term studies
at the expense of more direct special studies.
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Overall, current information collected from Data are analyzed and synthesized in a
maonitoring serves the needs of decision way that enables management decisions.
makers and stakeholders across the Delta.

Figure 5. Questionnaire responses on whether information collected,

analyzed and synthesized from monitoring s erves the needs of decision -
makers. Labels within a bar graph indicate the total number of

responses . See Appendi x C for more information.

To help inform recommendations that could improve monitoring and
understand how management could be better linked to management needs
key findings from the brown bag seminars and panel discussions (Appendix
A), literature review (Nelitz et al. 2019), the inve ntory analysis (Nelitz et al.
2020b), questionnaire analysis ( Appendix C), and interview analysis

(Appendix D) are summarized and synthesized below by each review
guestion.

Question 1. Are there potential g aps or redundancies  in serving
the relevant need s of decision makers?

Identifying gaps and redundancies

Figure 3 provide s a detailed framework for designing, i mplementing, and
adapting an effective monitoring program  based of f Reynolds et al. (2016). It
suggests that this process begins with a robust p  roblem definition, which can
be developed through cross -disciplinary works hops, and conceptual model
or framewor k development as critical foundations of an effective monitoring
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program. These steps are also essential in the analysis and adaptation phase
of monitoring to refer back to when identifying gaps and redundancies that
may be impeding optimization of a monit oring program by identifying exact
attributes that need to be monitored to address specific management needs.

A clear and specific foundation no t only supports the creation of a robust
monitoring program, but also allo  ws for efficient analysis of the effec tiveness
of a program. Reynolds et al. (2016) also underscored the importance of
prioritizing data documentation, management, and analysis fora  n effective
monitoring program.  Timely analysis and summarization of new i nformation
and timely communication of information to decision makers will allow for
detection of issues, gaps, and redundancies so that they may be addressed

in a timely manner.

Although there are Delta specific conceptual models for various topical areas,
such as the effects of tidal wetla nd restoration on fish (Sherman et al, 2017),
the biology of Delta smelt ( Baxter et al. 2015) and the scientific
understanding of important aspe cts of the Delta ecosystem for the Delta
Regional Ecosystem Restoration Implementation Plan (DRERIP ; e.g., see
Durand 2008 for aquatic food web , Werner et al. 20 08 for chemical
contaminants , etc.), there is not a comprehensive conceptual model that
link s existing conceptual models and spans the management areas to
achieve the coequal goals. As management questions a nd needs in support
of adaptive management have not been clearly defined for the enterprise,

we did not attempt to create an agreed -upon concept ual model, but created
an organizational framework (Figure 4) for identifying monitoring that is
within the scop e of the review to help with the assessment of gaps and
redundancies.

Monitoring Needs Profilesj for eesch
relevant to the Delta were developed to understand potential gaps or
redundancies based on the inventory analysis, w hich can be found in Nelitz
et al. 2020b. Although useful, the coarse resolution and breadth of this
analysis for 128 parameters across t he enti re monitoring enterprise did not
lend itself to drawing definitive inferences about whether monitoring is

occurr ing at exactly the right times or places to meet all management needs.
As a result, additional feedback was received via the brown bag

seminars/ panel discussions , interviews and from questionnaire responses.
We did not focus our work on redundancies in mon itoring based on
feedback received from the Monitoring Enterprise Review Workshop (ESSA et
al. 2019), which was not an area where parti cipants f elt the Delta ISB should
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focus our review. Instead, workshop participants were interested in potential
gaps. However, we note that identifying and reducing redundancies will

make available funds and resources to address monitoring gaps. lllustrati ons

of gaps that were identified through our review methods are below.
Environmental Drivers/Conditions

Based on the in ventory analysis, ¢ hemical contaminants - with the potential
exception of mercury/methylmercury -- was a potential gap , and 67% of
guestionnaire respondents agreed that this is a gap (see Figure 6, 15%
disagreed, 19% donAknow , N=27). Many of the responde nts who disagreed
with the statement in the questionnaire did not necessarily disagree that
there may be gaps with the monitoring of chemical co  ntaminants , but that

there w as extensive monitoring of mercury/methylmercury. Gaps associated

with chemical cont aminants was also mentioned during the  brown bag
seminars and interviews.

Overall, contaminants are known to have a range of effects on bothh  uman
and ecosystem health. High levels of mercury/methylmercury has long been
a concern for fish health and huma n consumption of fish (Scheuhammer et
al. 2007). However, additional contaminants are a concern for both humans,

by threatening the quality of d rinking water, and the health of the ecosystem.
Herbicide and pesticide runoff is a serious concern and was ment  ioned as a

likely driver of decreased chlorophyll -a, with larger food -web consequences
as phytoplankton and zooplankton are likely affected by s uch contaminants.
Several interview and questionnaire respondents expressed concern about

the lack of knowledge about contaminants of emerging concern, potential
synergistic interactions, sublevel effects, and ecosystem reactions to the

range of contaminan ts that enter the D elta. One interview ee expressed this
concern:

JWe know contami nant s aspeeeshievonn g
know the magnitude, we don't know the spatial extent, we don't even
know necessarily what all the contaminants are. So, if fol ks are doing
monitoring of their discharge to be in compliance with their waste
discharge requirements, that doe sn't tell us what's happening in the
ecosystem. And there's mixtures of chemicals and then there's other

things that we don't even know that we  should be mon i t or i n g
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That is, there are unknown unknowns. These findings are consistent wit h the
recomme ndations made in our water quality review, where we

recommended that the Delta Regional Monitoring Program expand the
contaminants it monitors, and increase the temporal and spatial coverage of
its measurements.

Although not identified by the inventory an  alysis as a gap, harmful algal
blooms (HABs)were mentioned from interviewees and questionnaire
participants , as a potential gap . This is also consistent with our review on
water quality science, where we indicate d that a more structured and
exhaustive m onitoring for cyanoHABs and toxins is needed to effectively
forecast bloom inception and mitigate HAB events (Delta ISB 2018).

HABA have been a concern for drinking water quality for decades, and  can
cause cyanobacterial toxin poisoning in people, fish,  shellfish, mammals, and
birds in addition to other potential ecological effects  such as hypoxia and
overshading of large swaths of hab itat. Microcystis can impair and harm
species that consume it, including Sacramento splittail and Delta smelt, as
well as zooplankton. HAB events have been increasing in California , likely
driven by drought and hotter temperatures, but still remain inadequately
unde rstood. As one intervie wee explained :

3The risk of harmful algal blooms through the system, the occurrence
and the condijtions that lead to their development and their associated
toxins with in the watershed and also macrophytes, the type that are
growing un der the water and floating on top of the water and really
what effect they're having on nutrients through the sy  stem is greatly
unknown.

Other environmental drivers/conditions  mentioned d uring the course of the
review, although not as frequently mentione d include:
1 Sub-surface Salinity
Sediment Toxicity
Nitrogen
Zooplankton

1
1
1
1 Tidal flows on water quality
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Mercury and Among the likely drivers There are other gaps in Thereis a gap in
methylmercury seem to and vectors of the monitoring invasive and monitoring of dredging
be monitored extensively introduction and spread non-native species (e.g.,  and its effects inthe
in the Delta, whereas of invasive species, there aquatic vegetation) in Delta.
other chemical is a gap of monitoring the Delta beyond
contaminants receive  transportation-related  transportation related
considerably less activities, such as roads, activities for informing
attention for informing  rail lines, vessels and management actions.
management actions.  shipping channels, for
informing management
actions.
Figure 6. Questionnaire responses on whether particjpants agreed or
disagreed with the gaps identified from the inventory analysis. See

Appendix C for more information.
Non -native species /Invasive Species

Invasive or non -native species can impact every aspect of ecosystem services
and sustainability, including food -webs and habitat structure (Delta ISB
2021), and have contributed to an estimated 25% o f all plant extinctions and
33% of animal extinctions globally ( Py S e k e t. Fran the in2eft@\0 )
analysis, there is a gap with monitoring of non  -native or invasive species .
Among the likely drivers and vectors of introduction and spread, there is ver y
little monitoring of transportation  -related vectors , such as roads, rail lines,
vessels and shipping channels, though it is unclear whether the
comprehensiveness of these monitoring activities may be sufficient to

address the needs for this information.  We sought clarity o n this uncertainty
through the questionnaire. Overall, a large portion of the participants di  d not
know if there were gaps in monitoring of transportation -related activities for
invasive/non -native species (45% did not know , but 42 % agreed; N=31, see
Figure 6). As one participant noted,
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JThere are mul tiagency staff aavsile progr ams

Speci es Program and United States
Invasive Species) that monitoring and work on invasive species. The se
staff and program are not effectively part of the Bay -Delta monitoring
enterprise, because of the institution  al barriers enterprise leaders
reinforce to emphasize the management themes they desire it to
focus on. §

When asked if there were gaps in monit oring in gene ral for invasive or non -
native species beyond transportation -related activities , 74% agreed (see
Figure 6, 10% disagreed, 16% donAknow , N=31). Some of the respondents
who agreed indicated that there is not a specific monito  ring network to
quickly identify new invasive species early in  the invasion or a comprehensive
invasive species monitoring program in the Delta for some of the most
widespread and established invasive plant and animal species . There were
comments on the im pact of budget cuts in creating these gaps . For example,
UC Davis conducted annual measurements of the Delta wit h hyperspectral
imagery to map invasive aquatic weeds from 2004 to 2008 for the then
Department of Boating and Waterways . It stopped during the recession and
then starting again in 2014 fo r California Department of Fish Wildlife and

later the California De partment of Water Resources .

As noted during our panel discussion on invasive weeds  monitoring , the
California Department of Food and Agricultu  re once had the Noxious Weed
Eradication Pro gram, which had dedicated biologists surveying the whole
state at re gular intervals and taking care of high priority invasive and noxious
weeds, and the Weed Management Area Program , which were local
stakeholder collaborations , focused on control o f invasive plants. Each weed
management area had their top 10 weeds that they were monitoring and
looking out for. Both programs were terminated due to funding issues
despite being defined in State code.

Direct Soci o-Economic Drivers

Related to monitoring of direct socio -economic drivers, there are many
monitoring activities asso ciated with important drivers of land use change
(agriculture and urban development) based on the inventory analysis , though
there is a possible gap in monitor ing of dredging, despite its potential

impacts on fish habitat and water quality, and its importa  nce to a number of
management themes (see Nelitz et al. 2020b) . Dredging in the Delta is
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important for flood control, levee sta  bility and recrea tion, and can r ange
from marina dredging projects to major channel deepening (  ACOEZ2007).
When asked if there i s a potential monitoring gap with dredging , 39% of the
guestionnaire respondents agreed that this was a gap, but  57% did not know
(see Figure 6, N=28). Like with the mon itoring of transportation -related
activities to manage non -native or invasive species, there is potential that
existing monitoring is sufficient, but not well integrated with the rest of the
monitoring enterprise. As one questionna ire participant indicated

J T he AAmyEorps of Engineers) does quite a bit of monitoring on
its dredging a ctivities. The ACOE management themes of flood
management, habitat management, land use management, etc. are

not effectively part of the Bay -Delta monitoring enterprise.
Independently, they have developed a p arallel enterprise related to
this activity beca use leaders in the monitoring enterprise are not
focused on this.y§

Other soci o-economic drivers mentioned during the course of the review,  but

not as frequently mentioned include:
1 Water use/demand

Levees

Recreation and tourism

Agriculture

Socio-economic data gaps generally

The effectiveness of management actions (including flow, restoration,

etc.)

1 Perceptions of the Delta as a place (unique Delta values, recreation,
cultural and natural resources)

1 The need for more detailed information on structure of dis  advantaged
communities, including access to green space

= =4 =4 -4 A

Species

Monitoring related focal species of most relevance to decision makers , such
as Chinook salmon, steelhead, Delta smelt, and green sturgeon , tend to be
relatively well represented in the invent ory (see Nelitz et al. 2020b) . Status
and trends monitoring of fish listed under the State or federal Endangered
Species Act are used to inform the water operations of the State Water
Project and Central Valley Project (Tempel et al. 2021), and many restor ation
projects in the Delta are planned to provide habitat for listed fish | like Delta
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smelt and longfin smelt (DWR and DFG 2012). Despite the wealth of
monitoring , gaps in monitoring were mentioned for  listed species with a
particular focus on Chinook sal mon and Delta smelt during the interviews
brown bag seminars /panel discussion s, and public comments .

Fish
For winter -run Chinook salmon, Johnson et al. (2017) assessed the current

monitoring ne twork with existing conceptual models and found that  thereis

limited information on condition, genetic identity , life stage and abundance
once Chinook salmon leave the upper Sacramento River. Some of the gaps
associated with Chinook salmon monitoring mentioned in questionnaire
responses were consistent with the fi ndings from this article.

Although Delta smelt was noted as ha ving too much focus during the
interviews and in questionnaire responses , others also mentioned specific
Delta smelt gaps, primarily as to how Delta smelt are sampled . Some of the
long -term mo nitoring programs that are used to monitor Delta ~ smelt were
note d as being ineffective, such as the Fall Mid -Water Trawl , which was
described du ring the IEP brown -bag seminar: 4/ 4t ] does not
shallows (where delta smelt are) and many crit ics say it is not a useful
sampling device . However, the newer Enhanced Delta Smelt Monitoring
Program was recognized by several participants a s a great improvement
(USFWS 2019). During the tidal wetland restoration brown bag seminar and
panel discussion , speakers spoke to the difficulty of monitoring a  critically
endangered species that spends a lot of its life in difficult to sample, shallow
hab i t a7 s1onitod how restoration is helping, you might kill some Delta
smel t . 4t | s r eEhése oastramis lmaverieg to mecompiete
ecological and life cycle data, which can make their preservation and
restoration particularly difficult ( Polansky et al. 2018) . In addition, concerns

have been brought up that it is difficult to receive  an incidental take permit to

start up new studies or monitoring  activities to understand the impact that
management actions have on Delta smelt . Instead, food -web resources are
monitored, as is the case for monitoring the effects tidal restoration have on

this species. The regulatory agencies have to balance the need to understand
the impact management actions have on Delta smelt, while reducing harm to
the spe cies by allow ing incidental take.

Bird's
Monitoring of birds was mentioned a few time s in the questionnaire
responses, as a potential gap, while benthic inv ertebrates were mentioned in
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the questionnaire responses and by an interview ee. The Delta region

pro vides important habitat for a diversity of birds and may serve as a
promising opportunity for bird conservation. Waterfowl, shorebirds, ducks,
and birds of prey, including many listed and at  -risk species, use and rely on
Delta habitats, including managed w etlands, shallow -flooded habitats,
grasslands, oak savannahs, and riparian forests, and rely on the Delta as an
essential migration and overwintering location (Dybala et al. 2020). However,
multiple questionnaire respondents noted a ser  ious lack of bird mo nitoring
i n t he ThReeelare ew if ahy long -term datasets to inform management
on birds in the Delfa } astda t i n ffonitohng bf avéan species in the
Delta has never been well done, coordinated, or a priority . Pybala et al.
(2020) recommends th at large amounts of habitat restoration will be

required to maintain healthy bird populations, and w ithout adequ ate
monitoring, bird populations will remain inadequately understood and
protected.

Invertebrates

Invertebrates, particular ly benthic invertebr ates, were also noted as being

poorly understood due to a lack of spatial and temporal coverage, but likely

play numerous influential roles in the ecosystem. One questionnaire

par ti ci p amhereare @ty ew programs monitoring  life in the

benthos, which can be important in understanding nutrient cycling,

phytoplankton biomass, food web interactions, and alt  ernate sources for

Delta fish. Current monitoring programs lack the spatial and temporal

coverage necessary to understand th e role and impact of this factor on the

Delta ecosystem . Benthic invertebrates can play an important role in  food -

web support, but also include non -native species of concern, including Asian

clams and Corbicula, whi ch was expl ai ne dhelegthcone i nter:
DWR program through IEP looking at [the benthics], but otherwise we don't

have many monitoring programs to understand what the role of benthic

organi sms are¥YWe need to wunderstand the comn
effective regulations can start be ing enacted . i

Habit ats

Monitoring of aquatic and terrestrial habitats tend to be relatively well
represented in the inventory (see Nelitz et al. 202 Ob). However, a lack of
monitoring in the shallows, which was not tracked in the inventory, was
frequently mentioned during the  brown bag seminars and the interviews.
Shallow habitat accounts for a large portion of the habitat in the Delta , and
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likely plays an important role in providing habitat for fish (including Delta
smelt, as mentioned by questionnaire and  brown -bag seminar p articipants) ,
invertebrates , and phytoplankton . Slow moving, shallow habitats historically
supported native fish populations includin g Sacramento perch, Sacramento
splittail, hitch, and others (SFEI -ASC2014). As good habitat for phytoplankton
and inverteb rates, these productive areas are likely a significant source of food
for fish and essential support for the foo d-web (Odum 1980; Lucas et al. 2002).
However, they are difficult to sample , but must be sampled to understand

their significance in the ecosystem and to adequately restore them . Three
interviewee s commented on the importance of shallow habitats,  with one
mentioning potential species interactions that may be affecting their ecological
role Jt's in the shallows where people want to have phytoplank  ton growing,
which is also where they can really get going is the shallows, but not if the

clams are there, they Il graze them right down .} Not all s hallow habitat is the
same, however . The high residence time of shallow habitats can support
beneficial phy toplankton populations but can also facilitate invasion of non-
native submerged aquatic vegetation, including  Egeria (SFEIASC2014),
underscoring the importance of monitoring and understanding shallow

habitats across the Delta .

Question 2. What is the [evel of coordination  of data collection
across different organizations?

Monitoring activities across the monitor ing enterprise are implemented,
funded, and / or supported by 132 organizations. The 9 most common and
influential were the organizations that have historically coordinate d under the
IEP:

1) California Department of Fish and Wildlife

2) California Department of Water Resources

3) California State Water Resources Control Board
4) National Oceanic and Atmospheric Administration
5) U.S. Army Corps of Engineers

6) U.S.Bureau of Reclamati on

7) U.S. Environmental Protection Agency

8) U.S. Fish and Wildlife Service

9) U.S. Geological Survey

The examination of the network analyses, found in ESSA et al. 2020Db,
highlighted that there are differences in the number of organizations inv olved
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in monitoring ne tworks for various topical areas (e.g., fish monitoring), and the
density of these network s depends on the issue or topic. For instance, water
guality monitoring appears to have a dense r monitoring network than bird
monitoring (see Hgure 7). This suggests that the structures for coordinating
and sharing monitoring information should be assess  ed not just across the
entire monitoring enterprise, but within specific issue areas. Although the
information from the network analysis cannot be used t o prescribe
improvements to monitoring networks, they do provide useful diagnostic
information for unde rstanding their structure and exploring ways of
strengthening support and coordination among organizations with common
information needs.

Water Quality Monitoring

Core Nodes:

DWR
USBR
USGS
SWRCB
CDFW
USACE
USFWS
USEPA
NOAA

‘- Bird Monitoring

A\

Figure 7. lllustration  of monitoring networks found in Nelitz et al. 20206.

Component 2 analys es further explored as pects of the Delta monitoring
enterprise where coordination can be improved. Currently , the California
Department of Water Resources is working to establish The Rio Vista Estuarine
Research Station, which would bring together State and federal agencies
conducting monitoring under the IEP  into a single location . Moreover,
coordination is occurring at some level through project work team s of

workgr oups for some topical areas , such as the California Water Quality
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Monitoring Council workgroups, the Delta Inter agency Invasive Species

Coordination Team, Y EPAs Ti dal Wetl and Restorat.

Team and UEPAs J uwPwea\drieTeavhoni t or i ng

Even so, interviewees pointed to specific issues, such as nutrients, species,
flows, food webs, chemic als/contaminants that would benefit from greater
monitoring coordination . More g enerally, interviewees highlighted the need
for coordinating mon itoring across ecosystem components, such as between
water quality and agricultural land use; habitat restoratio  n and land use;
human health and environmental conditions;  and flood control and water

on Mon

quality. As described by one interviewee: 3the floodplain peop !/ e ar enAt t al .
to water quality peopl e downstream¥Yt he noti c

traditionally divorced from the notion of water quality. When in fact it should
be considered to be a c omponent of water quality, right ? Questionnaire
respondents al so generally agreed that changes are need ed to support
better coordination monitoring and  adaptive management. F or example, one
guestionnaire r ef/protckar thare isranytineteégratiod of
monitoring in adaptive management. No biological mo  dels being used for
adaptive management are being informed by the survey data .

Several interviewees indicated that each of the organizations they represent,

as well as other key stakeholders, should play a role in coordinating

monitoring. These roles may vary - whether by providing the scientific
expertise, the regulatory structure, the organizational venue, or the resources
for coordination (e.g., tools, data, communication). Additionally, so  me
interviewees recommended that monitoring plans should take lo cal interests
and local knowledge into consideration, so they produce information local
people can use.

Monitor ing that is better coordinated, and potentially more integrated,

across topical areas as well as spatial and temporal scales can foster a more
holistic understanding of monitoring needs and uncover new ways to solve
problems. As one interviewee suggested: 3t he mor e we wor k
the better it g e€lhesebénefitsare widely supportédyby i
literature on ecosystem management and monitoring. In any ecosystem,
coordination of monitoring data  is critical for diagnosing and understanding

the drivers of complex ecosystem problems, for assessing how policy solutions

or management actions affect the system as a whole, and creating ¢ apacity to
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respond to ecosystem -wide changes (Burton et al., 2014; Schultz et al., 2015;
Kupschus et al., 2016; Sparrow et al., 2020). Despite transaction costs and
communication costs that oc cur with greater coordination, there are also
opportunities to i mprove efficiencies in the monitoring enterprise. When
coordination is lacking, siloed thinking is reinforced wh  ich can impair creative
problem solving.

There is often a keen interest in the economics of monitoring, but not a lot of
data to support this. For example, there is an interest via the Delta Science
Funding and Governance Initiative to conduct an assessmen t of science
funding and the efficiency on the use of those fu nds (DSC 2019).
Coordinating across programs and looking at when there are synergi  es and
when things do not align can help with the socio -economics of monitoring

Question 3. Are there other op  portunities to increase efficiencies
/n monitoring?

Concurrent wi t h t he Delta USBAs review, there hav
monitoring or make improvements to monitoring , including efforts to

develop a steelhead monitoring plan for Sacramento -San Joaquin basin (see
DSC and USBR 2021) a completed review by IEP on the effectiveness of three
IEP monitoring surveys (Fall Midwater Trawl, Bay-Study, and Suisun Marsh
Study); and a 5-agency effort to review |IEP monitoring surveys to meet the
evolving needs for management of delta smelt and  longfin smelt ( Summer
Townet Survey, Fall Mid Water Trawl, Spring Kodiak Trawl, Smelt Larval

Survey, and 20mm Survey ). We hope that these efforts and our review of the
monitoring enterprise review can be mel ded to educe opportunities for more
efficient and useful monitoring where collaborations between monitoring
agencies are well coordinated.

Throu gh the inventory analysis, the following opportunities for efficiencies
were identified:

1 Related to monitoring of environmental drivers / conditions, most
empha sis of monitoring is on water quality, specifically water
temperature, turbidity, salinity, con ductivity, and dissolved oxygen. For
these parameters, there may be opportunities for increasing
comparability o f data by standardizing use and calibration of
eguipment, employing consistent sampling protocols, and centralizing
data management. Based on th e questionnaire results, 70% agreed
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with this finding, while 10% disagreed and 20% did not know (see Figure
8; N=30). Respondents in questionnaire indicated that the California
Department of Water Resources and the United State Geological Survey
are workin g on standardizing their protocols for their individual
organizations, so there may be opportunities to build of  f the se efforts .

Related to habitat monitoring, channelized and tidal wetland habitats

are commonly represented across the monitoring enterpris  e. There
may be opportunities for greater coordination of monitoring of habitat

and species components since hab itat monitoring tends to be driven by
species needs. This coordination could be further improved if guided by
standardized habitat classificatio n schemes. Based on the questionnaire
results, 7 1% agreed with this finding, while 1 4% disagreed and 2 4% did
not know (see Figure 8; N=28). The State Water Resources Control
Board is currently using a standard classification system developed by
the science consortium of Southern California Coastal Water Research
Project, Moss Landing Marine Lab, and San Francisco Eguary Institute;
however, it is not commonly used in the Delta. A common obstacle

would be to get the monitoring enterprise  to agree to a classi fication
scheme.

Related to species monitoring, the most recurrent species in the
monitoring inventory are Chin ook salmon, steelhead, and green
sturgeon. Based on the network analysis of monitoring activities, fi  sh
monitoring appears to be relatively well coordinated, thou gh
efficiencies may exist for improving telemetry data collection. Based on
the questionnaire results, 40% agreed that fish monitoring is well
coordinate d, while 26% disagreed and 20% did not know (see Figure 8;
N=30). During the course of this review, the Interagency Telemetry
Advisory Team was formed, which has helped improve the data

collection of telemetry.
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For environmental water Monitoring of specific habitats Fish monitoring is well
quality, there are opportunities and species should be guided by coordinated.
for increasing comparability of standardized habitat-
data by standardizing use and  classification schemes among

calibration of equipment, the different monitoring
employing consistent sampling activities.
protocols, and centralizing data

management.

Figure 8. Questionnaire responses on whether participants agreed or
disagreed with the opportunities to imp rove efficiencies i  dentified from
the inventory analysis.  Labels within a bar graph indicate the total

number of responses . See Appendix C for more information.

Based on the panel discussion with regional and national monitoring

programs , national monitori ng programs should include sites in the Delta
and coordinat e with Delta programs. There is an opportunity to join the
Environmental Pr ot e ct i o moniayire effory, thes National Wetland
Condition Assessment (see Appendix A), which is underway by Environmental
Protectio n Agency to compare randomly selected sampling points across the
U.S. Field sampling includes assessment of non -native species, which we
identified as a potential gap, and a suite of indicators of disturbance to
aguatic ecosystems. This effort occurs at 5 -year intervals and already
includes sampling in the Delta. Sampling can be expanded to allow
comparisons of wetl and conditions between the northern and southern

Delta, as well as with the broader nation -wide array of monitoring sites.
Furthermore, the Delt a Plan Interagency Implementation Committee (DPIIC)
agencies should also consider participating in the National ~ Rivers and Streams
Assessment, scheduled for 2023 to 24, which assesses the ecological
conditions of rivers and streams and the key stressorst hat affect them
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throughout the United States. Macroinvertebrates and fish are used to
indicate condition , as part of the National Rivers and Streams Assessment.

In additi on, the Delta monitoring enterprise may consider incorporating new
techniques, technol ogies, analyses and database management procedures,
which, when integrated is also commonly k nown as Ysmaithgmhoni
solutions. Rapid innovations in sensory material and advent of new fabrication
paradigms of electronic, computer and  bio molecular techn ologies have
resulted in advanced sensors, with vast functionalities at micro, nano - and
mol ecular scales. Moder n sensors are miniature, more accurate, fast, rugged,
stable, and low power, and at times possess self -calibrating and

multifunctional capabilit ies. Their data rates are extremely high, because of
which a variety of data storage system s ( o rvalug kierye s A\) have emerged
with focus on scalability. These sensors typically transmit monitoring data
wirelessly, allowing the streamlining of data acq uisition and data processing
using Artificial -Intelligence (Al) and machine learning techniq ues encapsulated
in Internet of Things (IoT). Integration of disparate sensors with extremely

large volumes of data (i.e., Big Data Paradigm) via wireless networks into a
single database, for example on a cloud -based system, is enabled by IoT. Al
may perfo rm Q A/QC and analyse s, data fusion, identification of causalities,
thus transforming of Big Data into actionable insights with minimum human
intervention. This, in turn, resulting in lower latency and timely information for
management and policy decisions. For example, the NSFfunded Array of
Things (AoT) and its successor Software -Defined Sensor Networks (SAGE) for
City of Chicago is of this ilk, and may provide useful pointers for development
of l1oT networks (Licaurte 2021) .

A new technique that is rapidl y becoming a standar d tool is the environmental
DNA (or eDNA), where DNA is extracted from an environmental sample, for
example, soil, sediment, water or snow that contain excretions from live and
dead organisms. The rapid space -time diffusion of DNA from its source(s)
causes its presence somewhere in the waterbody known during sampling. The
method involves the collection of water samples, eDNA extraction and a

rapid PCR step to amplify the DNA of the target species. eDNA sequencing
can be used to detect ra re, transient and do main obscure species, including
non -native /invasive species and their biomass distributions, or to map high -
resolution space -time variation of e cosystem change and biodiversity patterns
(Darling and Mahon 2011; Chave 2013; Shade et al. 2018). Modern sequen cing
methods allow identification of entire faunas and rapid ecosystem

assessments. eDNA techniques are environmentally benign, multi  -species,
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non-invasive, efficient, easy to standardize and more accurate than other field
sampling meth ods, although workfl ow involving eDNA remains specialized
(Rees et al. 2014). With ever advancing DNA sequencing technology, the
adaptation of eDNA is rapidly growi ng. As eDNA is a non-invasive technique, it
could provide a useful way to sample for Delta s melt to understandt he
impact of restoration on this fish given concerns we have heard about the
inability to sample for Delta smelt since projects are not able to acquire
incidental take.

Another technique with growing applications for environmental monitoring is

the Unmann ed Autonomous Systems carrying myriad of sensor systems for
spatial /temporal monitoring and analysis , a review of which can be found in
Manfreda et al. (2020). Implementation of such systems for Delta monitoring
enterprise is afoot (Bloch 2020), and appear s to offer great potential ,
especially for detecting non -native/inv asive species, which was identified as a
potential gap in our review

Questi on 4. Is the data quality  of monitoring — appropriate to
address purposes and needs for  information ?

There are a variety of desired data attributes that serve as a useful guide  for
ensuring data (and related monitoring) are of high quality and provid e
credib le information for decision makers (e.g., US EPA 2006). Based on the
inventory analysis, a substantial number o f monitoring activities (44% or 69

of 157 monitoring activities ) meet several fundamental attributes that
represent high data quality to address the purposes and needs of that data ,
such as publicly accessible data, data collection guide d by a monitoring
design or sampling protocol, and reliable QA/QC procedures (see Nelitz et al.
2020b; Figure 9). From the inventory analysis, r oughly 60% of the monitoring
activities had QA/QC procedures in place. However, 39% of questionnaire
respondents disagreed that JThe procedures for quality assurance and

control for the sampling methods Yare adequatej ( Rgeire 10; 32%
agreed, 29% did not know, N=31). Several comment ers from questionnaire
respondents noted a general lack of data (particularly for  bird, plant, and
invertebrate monitoring) that inherently causes insufficient data quality
assurance due to a lack of data. In response to this question, one participant
noted : 37he methods are suitable for the program's goals but are not well -
documented ( especially meta -data), tracked and updated... The Delta science
community has placed a disproportionate amount of value on peer -reviewed
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science publications, rather on documentation and QA/QC, and QA/QC
related studies .
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Figure 9. Stacked bar graph repr esenting groupings and counts of
monitoring activities ~ from the inventory analysis according to five
attributes of data quality (public accessib ility, monitoring guidance,
QA/QC, timeliness, and uncertainty estimate )

Given the scope and breadth of this rev iew, it was neither possible nor
intended to conduct a detailed evaluation of the scientific rigor of all
monitoring activities in the monitorin g inventory since that would require
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intimate knowledge of the detailed design and purpo  se of each monitoring
activity. Understanding data quality , can provide some insights on scientific
rigor. To help provide additio nal insights, we sought feedbac k from the Delta
community in Component 2. Based on the brown bag seminar and panel
discussions on tidal wetland restor ation, m onitoring in the Delta needs to
pay attention to the statistical criticisms that can be raised against it. One of
the problems of monito ring in an aquatic system arises from the linear array
of boat -based sampling. The samples are not randomized an d there's a
potential for spatial autocorrelation among those samples. You can test for
spatial autocorrelation to determine the degree to which the samples are in
fact independent of one another or the degree to which they are

compromised by autocorrelati on.
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scientific rigor (e.g., sampling design, control are adequate.
statistical power) to meet management
needs.
Figure 10. Questionnaire responses on whether particip ants agreed or
disagreed with  the state ment s related to data quality. Labels within a
bar graph indicate the total number of responses . See Appendix C for
more information.

Questionnaire particip ants were asked to identify the top two major
monitoring parameters that they believed the Delta ISB should consider in
greater detail and were then asked if the monitoring and QA/QC procedures
for these parameters are sufficiently rigorous . The results in dicate that 80%

48



DRAFT: DO NOT CITE

disagreed that there was enoug h scientific rigor for the two monitoring
parameters they selected (see Figure 10 ;10% agreed, 10% did not know;
N=30). Several respondents suggested that the scientific rigor of monitoring
in the Delta broadly is inadequate since programs are infrequently, if ever,
reviewed for their scientific rigor or how well they address management
needs. Others m entioned sampling design flaws and constraints (small
sample sizes, fish size bias, inappropriate or inadequate  sampling
techniques, inadequate and/or inconsistent spatial and temporal monitoring)
and topical , temporal, and geographical gaps (birds, plants , invertebrates,
shallow habitats, tidal wetlands, night sampling) that result in inadequate
scientific rigor.

Questi on 5. Are data accessible  to the public, decision makers,
other scientists , and all stakeholders ?

From the inventory analysis, 95% of the monitoring activities are publicly
accessible (149 of 157 monitoring activities), 63% are machine readable (99 o f
157), and 52% are available within a 1 year or less timeframe (82 of 157).
Overall, 34% of all monitoring activities (53 of 157) meet all of t hese
conditions: are publicly accessible, machine readable, and available within a

1 year or less timeframe (see Figure 11). Although data appears to be
accessible, 60% of questionnaire respondents (N=20) disagreed with th e
statement : Dala availability an d sharing among agencies and groups doing
monitoring are sufficientij (268Agendeed and
C). Regardless of whether a questionnaire respondent agreed or disagreed,

there was general acknowledgement that improvements have been made in
recent years, especially with the passage and current implementation of  The
Open Data and Transpa rent Water Act (Assembly Bill 1755), which requires
the California Department of Water Resources in consultation with other

State agencies to develop and o perate an integrate d platform for sharing

data and for developing protocols for data documentation, data sharing ,
public access, and quality assurance /control.

Nevertheless , improvements should continue to be made, as datasets are
hard to find , lack sufficient documentation or are not available in a timely
manner to conduct analysis, as mentioned by the questionnair e

respondents . This is consistent with the inventory analysis, where near ly 95%
of the data from monitoring activities are publicly accessible,  but this
percentage drops to 34% when considering whether the data are accessible

in a timely manner and also ma chine readable (Figure 11). Although there
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were many comments that improvements have be  en made in recent years in
regards to data accessibility , there was a comment from the interviews that it
appeared there has been a reduction in transparency and data sh  aring in
recentyears: F We ' ve noticed a significant reducti o
know, from both the State and federal agencies in recent year s, and that is
really counterproductive to informing and engaging the public and some of

t hese mMewedes this depends on the datasets. As part of our review,
we found that United States Bureau of Reclamation has improved its efforts

in recent years by providing an integrated platform of sharing its monitoring
data that it funds related to the in-season manage ment of Chinook salmon
via the SacPASwebsite (Central Valley Predication and Assessmen t of

Salmon).
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Figure 11. Stacked bar graph representing groupings of monitoring
activities according to thre e attributes of data accessibility (public
accessibility, machine readable, and timeliness). Queried from
monitoring inventory analysis.
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Questi on 6. What resources are being dedicated to monitoring?

Although not the case for every organization that works  within the Delta,
obtaining funding for long -term monitoring has been difficult because  of
ever changing funding priorities and mechanisms  or funding carries
restrictions. For example, bond funding may provide money to do things, but
may not follow up and determine the outcomes (i.e., lacks accountability) .
Dedicated and sustainable sources of long -term funding and greater
flexibility in how that funding may be spent are needed to support effective
and cost -efficient monitoring programs (State of California  2015; Delta ISB
2016; EcoRestore 2017). As a start, there is a need to quantify the amount of
funding spent on monitoring in the Delta .

However, monitori ng costs could not be generated for most monitoring
activities in the inventory , as the information w as not available or could not
be disaggregated between monitoring activities  (e.g., funding is aggregated
by an agency for multiple monitoring  activities in the inventory) or within a
monitoring activity for different regions  (e.g., a monitoring activity h as
stations in the Bay and Delta) . There was annual cost information available
for 25% of monitoring activities (39 of 157 monitoring activitie s). Although
costs of monitoring cannot be determine  d for all 157 monitoring activities,
Delta Plan Interag ency Implementation Committee is now releasing an
annual Delta crosscut budget of science and monitoring expenditures  that
spans State, federal, and local agencies and are working to address the
issues identified from the inventory analysis with estimating cost.

The first report was released in  July 2020 for science related expenditures
from July 1, 2018, to June 30, 2019 (DSC 2020)and a second report was
released in July 2021 for science related expenditures from July 1, 2019 to
June 30, 2020 (see DSC 2@1). Information across both years cannot be
compared , as more organizations reported in year 1 than in year 2, and there
was some other inconsi stencies with reporting between years (see DSC
2021). Even so, it provides information on the level of funding a  vailable for
the Delta. From July 1, 2018 to June 30, 2019, a total of $47.1 M was expended
on monitoring during this time period , which makes up 53% of all science
expenditures , including research and synthesis, for that fiscal year. Many of
the issues ide ntified from this review are present in these figures  from Delta
Plan Interagency Implementation Committee (e.g., it does not disaggregate
funding between the Bay -Delta for a single monitoring activity) , but the effort
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is a great start to help improve the understanding on the financial resources
devoted to monitoring.

4. Barriers and Opportunities

From our findings, there is a need for more inte gration and collaboration , and
ultimately , coordination, across monitoring activities focused on different

thema tic areas and geographic regions to help identify and fill gaps , and
improve efficiencies, data quality and accessibility. This will help ~ foster a more
holistic understanding of Bay Delta status, trends, and responses to
management.

Despite recognition of the need for, and benefits of, greater coordination,  and
addressing monitoring gaps , a number of b arriers can impede coordination
and the abil ity to address monitoring gaps (as highlighted in Figure 12). These
include the siloed nature of organizational structures , perceived risks
associated with changing monitoring programs, the time and effort required

when monitoring staff have ot her prioriti es, the regulatory and legal
constraints, funding, lack of leadership, a disconnect with management needs,
and p oor communication , among others .
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Figure 12. Barriers to addressing gaps and  achieving greater
coordination. Note:  multiple mentions within in terviews were counted
as a single mention.

At the same time, Component 2 anal yses illuminated diverse types of
opportunities and mechanisms for overcoming barriers to coordination  and
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filling monitoring gaps in the Delta monitori ng enterprise. We found tha t when
participants were asked how to address monitoring gaps, they often offered
recommendations for coordinati on or reorganization, since this is itself a
strategy for addressing gaps. These opportunities for over coming barrier s to
achieve greater coordi nation and to fill monitoring gaps can be categorized
into four overarching types of change or investments: 1) f  inancial; 2)
organizational/ human -resources/ structural; 3) regulatory and legal; and 4)
cultural/social.

1) From a financial perspective , one inter viewee noted: Jthe strongest
tool thatANs available to make peopl e wor k
the money} Others acknowledged that funds are currentl y allocated
primarily by the California Department of Water Resources and the
United States Bureau o f Reclamation z and thus there is a need for
funding sources that are not tied to the water projects (e.g.,  the state
general fund). Other options may includ e the potential for co -funding
by multiple organizations, such as through a joint  -powers authority, or
through end -users of Delta water resources. However, one interviewee
provided a different perspective, noting  that it is not funding
shortages, but the i nability to sample listed fish due to  take limitations,
that is responsible for monitoring gaps. Thi s suggests that, for some
key monitoring parameters, increased funding from more diversified
sources may have limited impact .

2) From an organizational /human -resources/structural  perspective , a
number of interviewees, as well as questionnaire respondents,
indicated a ne ed for adapting existing, or creating new , organizational
mechanisms that allow different monitoring authorities and agenci es to
work together on monitoring.  While some recommended a new entity,
or a new a federal -state partnership , others iden tified existing
organizations , such as the Delta Science Program, which could take the
lead in coordinating moni toring. Others focused on improving
coordination between regulators and regulated entities . As one
guestionnaire r e $powad datter cosrtimatiore d : 3
should broaden leadership between regulatory and regulated entities
so power Is shared . Another interviewee su ggested that v oluntary
agreements between agencies (e.g., similar to the National Estuary
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Program), can also create the o rganizational infrastructure need to
establish effective coordination.

From a regulatory/legal perspective , the interviews highlighted the
importance of regulatory tools that are linked to funding streams (e.g.,
Clean Water Act Section 401 Water Quality Ce rtifications and 404
permits). Relatedly, permits with more specific guidance on how to
achieve compliance could incentivize coordination, or agencies with
regulatory requirements , such as the State Water Resources Control
Board, California Department of F ish and Wildlife, and United States
Fisheries Service and National Marine Fisheries Service could
potential ly mandate coordination. Other suggestions related to the
regulatory sphere included outcome -based regulatory options to
encourage trying new tools, ideas, and approaches to monitoring,
updating the Bay -Delta Water Quality Control Plan, a new set of

biolog ical opinions, and a new incidental take permit . One interviewee
emphasized the need to understand ho w various tools complement
one another, and how they can be used to coordinate monitoring
without imposing exces sive burden on regula tory or regulated
communities. Further, hesitancy to reorganize monitoring programs

for fear of losing long -term datasets w as a recurring theme in
interviews. To alleviate these concerns, several interviewees
emphasized the importance of retaining long -term datasets. In
addition to regulatory /legal mechanisms, one interviewee emphasized
the potential for either legislation or  executive order to mandate
monitoring coordination, and provide associated funding streams.

From a cultural/soci al perspective , several options for overcoming
barriers related to miscommunication, distrust, and risk hesitancy

were identified in the intervi ews. These include: spending time
building shared vocabularies to avoid miscommunication, as wella s
building mo re shared understanding of the state of the system, and
convening multi -stakeholder groups to ask management questions,
form research programs, and discuss findings. Collaborative groups
can also conduct more economical experiments (example of multiple
agencies comparing and calibrating chlorophyll -a measurements), and
bring partners closer to collecting comparable data.  This can help
address the hesitancy to reorganize monitoring programs for fear of
losing long -term datasets , which was a recurring theme i n interviews.
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To alleviate these concerns, several interviewees emphasized the
importance of retaining long -term datasets. One interviewee furth er
noted the importance of having initial champions get the momentum
going on these types of effor t.

5. Best Practices and Recommendations

There are greater efforts to integrate across geographic regions today than in
the past, where monitoring programs i n the Bay and Delta were even more
segregated, although continued efforts toward geographic integration are

still needed (Nelitz et al. 2019; Nelitz et al. 2020b). In our findings, we
identified potential gaps, opportunities to improve efficienc  ies, and areas for
improv ing coordination, data quality and accessibility. To help improve
coordination, adaptive managemen t, and how monitoring could better meet
the needs of management, we provide best practices that that we
recommend to be formally adopted in  to individual monitoring programs ,
and three overarching recommendations that are directed at the  monitoring
enterpri se as a whole, which take into consideration the barriers and
opportunities described above.

Best Practices for Individual Monitoring Programs

Overall, we aavise that every monitoring program or a ctivity develop a
monitoring plan or road map using the six -step fram ework in Figure 3, which
include s describing (1) the purpose of the monitoring program, (2) the

problem, (3) the monitoring design , (4) how the program will be

implement ed, (5) how information collected will be used to facilitate learning
and (6) how the monitoring program  will be revised , which also consider

peri odic independent peer review.

The monitoring program  should be underlain by five best practices to help
address some of the challenges and issues with monitoring identified in the
review (Figure 13): (1) formally tie monitoring to goals, objectives, and
guestions; (2) be informed by stakeholders needs and capability  and include
alternative forms of data and knowledge ; (3) adapt as new information and
technology become available; ( 4) includ e data management, analysis, and
synthesis; and (5) ensure data are accessible (Figure 13). Each practice should
be a part of each step in the m onitoring program.

The five best practices identified for this review are meant to be actions that
most monitor ing programs could implement immediately in an effort to
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improve monitoring . Although they are strongly recommended, it is
recognized that each best practice may not be appr opriate or applicable for
all monitoring programs or in all situations. It should n ot be seen as a go-to-
source for designing a monitoring program. There are other resources that
could be used instead (e.g., Reynolds et al. 201 6).

Figure 13. Best practi ces should be a part of each step in the monitoring
program.

1. Monitoring should be c losely tied to the goals, objectives, and
specific questions of interest to managers and decision makers.

Specific management and scientific goa Is, objectives, and questions must be
defined to focus monitoring system design on the collection of data that w ill
be most relevant to decision -making, especially when resources are limited.
Linking monitoring with the design of management actions willal ~ so help to
ensure th at the monitoring is targeted, informative, and cost  -effective rather
than broad -based and u nfocused (IEP-SAG 1999; CAMT 2017).
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